The function of normal pursuit, optokinetic, and vestibulo-ocular reflexes is to stabilise retinal images by generating eye movements which compensate accurately for movements of the head and for movements of the visual scene. Natural head movements activate both visual and vestibular reflexes and result in various types of visualvestibular interaction. If, for example, a subject views a stationary target and at the same time moves his head, the pursuit reflex and the vestibulo-ocular reflex (VOR) together move the eyes in the direction opposite to the head movement, the familiar "doll's head reflex." If, on the other hand, a subject tries to track a moving target using his head as well as his eyes, the pursuit reflex will move the eyes in the same direction as the target and the head, but the VOR will tend to move the eyes in the opposite direction. In this condition the success of tracking (and presumably the success of retinal image stabilisation) will depend on the ability of the pursuit reflex to overcome the inappropriate VOR (Gresty and Leech, 1977) . This ability is referred to as "visual suppressio,n of the VOR" which is the same as visual suppression of induced vestibular nystagmus.
Results of certain clinical studies have suggested that inability to suppress visually an induced vestibular nystagmus (Ledoux and Demanez, 1970; Alpert, 1974; Takemori, 1977; Zee, 1977; Dichgans et al., 1978) or a spontaneous nystagmus (Hood, 1968) is a sign of central nervous disease. Others have maintained that similar significance can be attached to a derangement of the pursuit reflexes (Baloh et al., 1977) . The aims of this study have been to verify the value of a simple bedside test of VOR suppression, to extend the diagnostic ability of the test to the differentiation of peripheral labyrinthine, posterior fossa and supratentorial lesions, and to relate abnormalities of suppression to abnormalities of pursuit.
Methods
Vestibulo-ocular reflex (VOR) suppression was tested clinically by two methods. One was that described by Dichgans et al. (1978) in which the patient views the finger of his extended arm while he turns smoothly at the waist from side to side with arm, trunk, and head en bloc. The other was an adaptation of the method described by Barnes and Sommerville (1978) 
Results

NORMAL SUBJECTS
On clinical examination of horizontal and upward VOR suppression, a few small beats of nystagmus appeared at rapid rates of head shaking. With a further increase in rate, the examiners found it difficult to make clear observations. This is not unexpected considering that the performance limits of the examiner's pursuit reflex are likely to be similar to the performance limits of a normal subject's VOR suppression. Downward VOR suppression was noticeably inferior, down beating vestibular nystagmus appearing at moderate rates of downward head movement. The pattern of VOR suppression was similar in the eight normal subjects examined, although there were significant quantitative differences. Figure 2 shows the raw records of the subject with the least effective VOR suppression. There are no eye movements until head velocity reaches O is the plot of the subject whose raw record is illustrated above and whose VOR suppression was the least effective of the normal subjects tested; *-* is the plot of the subject with the most effective VOR suppression; * U is the plot of leftward head velocity versus rightward eye velocity in a patient with a right sided peripheral labyrinthine lesion and whose raw record is shown in Fig. 3. 300s-1; vestibular nystagmus then appears with increasing slow phase velocity so that by 1000s-I eye velocity approaches head velocity. These reresults are presented in the plot of Fig. 2 (0-0) which also shows the data of the subject with the most effective suppression (O*). The plots of the other normal subjects lay between these two extremes and their slopes were approximately parallel. For each subject the maximum velocity of accurate pursuit was approximately the same as the head velocity at which VOR suppression first failed. Normal vertical pursuit and VOR suppression were not measured systematically although in general the results conformed to the findings of Benson and Guedry (1971) . The limits of upward VOR suppression and pursuit were the same as of horizontal suppression and pursuit; downward suppression and pursuit were significantly less effective.
PERIPHERAL LABYRINTHINE LESIONS
Four patients with partly compensated or uncom-G. M. Halmagyi and M. A. Gresty pensated peripheral vestibular lesions were examined. All had a first or second degree spontaneous nystagmus which was enhanced significantly in darkness. On clinical testing of VOR suppression, the spontaneous nystagmus was unchanged at low rates of head movement but was enhanced at moderate rates of movement in the direction of the spontaneous nystagmus beats. Figure 3 shows a raw record of VOR suppression from a 38 year old man with an acute right sided vestibular neuronitis. In light he had a 20s-1, second degree, left beating spontaneous nystagmus. The figure shows that the spontaneous nystagmus is not significantly modulated by head movements at 450s-1, indicating that VOR suppression is intact at that velocity. Rightward VOR suppression eventually failed at 800s-1 whereas leftward VOR suppression failed at 500s-1, as plotted in Fig. 2 (U-U). Leftward pursuit reflexes were mildly abnormal (Fig. 4) These abnormal patterns are illustrated in the records of two patients in Fig. 3 . A 34 year old man with a cerebellar degeneration had bilateral first degree, gaze-evoked nystagmus, bilateral rebound nystagmus, first degree, up beating and down beating nystagmus, but no primary position nystagmus and no VOR hyperexcitability. During attempted VOR suppression with the eyes in the primary position, brisk vestibular nystagmus occurred in each direction, the slow phase velocity of which approximated head velocity. Vertical VOR suppression was similarly impaired, with brisk vestibular nystagmus on upward and downward head movements. Horizontal (Fig. 4) and vertical pursuit through the primary, nystagmusfree position, was absent.
In a 31 year old woman with idiopathic, acquired, periodic alternating nystagmus, the recording was made during one of the regular 100 second cycles of second degree right beating nystagmus. The spontaneous nystagmus was sinusoidally enhanced and inhibited during attempted VOR suppression, the increment and decrement in nystagmus slow-phase velocity being approximately the same as the head velocity. This indicated that horizontal VOR suppression was bilaterally impaired or absent, the induced vestibular nystagmus adding to or subtracting from the spontaneous nystagmus. Horizontal pursuit through the primary position (calculated as the increment or decrement in nystagmus slow-phase velocity during pursuit through the primary position) was also impaired bilaterally (Fig. 4) . Vertical eye movements were normal.
UNILATERAL CEREBRAL HEMISPHERE LESIONS
There were seven patients in this group. Four had had unilateral hemispherectomies, two others had recent cerebral infarcts, and one a stroke-like illness in childhood. All showed other hemisphere signs such as hemiparesis or dysphasia; only one did not have a homonymous hemianopia. Vestibulo-ocular reflex suppression and pursuit reflexes were impaired towards the side of the lesion but were normal towards the opposite side. Figure 3 shows poor rightward VOR suppression in a 17 year old girl with a right hemispherectomy who had a left hemiparesis, absolute left homonymous hemianopia, and a cortical pattern of sensory loss on the left. Pursuit reflexes were impaired to the right (Fig. 4) Six patients with nystagmus since early life were examined. All had a nystagmus-free position of gaze (null position) in which vision was good and a nystagmus which showed a jerk wave form in at least one gaze position. When VOR suppression was tested clinically with the eyes held in a gaze position of spontaneous nystagmus the nystagmus was enhanced during head movement in the direction of the nystagmic beats. The measured increment in slow-phase velocity was approximately the same as the head velocity indicating that the VOR suppression was absent in that direction. Horizontal VOR suppression was also impaired when tested with the eyes in the null position. Figure 3 shows VOR suppression in a 36 year old man with congenital nystagmus, with the eyes held in the null position which happened to be the same as the primary position. Although horizontal VOR suppression was bilaterally impaired, eye velocity was less than head velocity, indicating that VOR suppression was not totally absent. Horizontal pursuit through the null position was impaired bilaterally (Fig. 4) . Vertical eye movements, including VOR suppression, were normal.
Discussion
Our results confirm that VOR suppression is abnormal in patients with lesions at several different levels of the nervous system (Ledoux and Demanez, 1970; Alpert, 1974; Takemori, 1977; Zee 1977) and that abnormal VOR suppression is consistently associated with abnormal pursuit reflexes (Dichgans et al., 1978) . All our patients with abnormal suppression had abnormal pursuit in the same direction; no patient with abnormal pursuit and normal vestibulo-ocular reflexes had normal VOR suppression in the direction of the abnormal pursuit. Generally the maximum velocity of pursuit eye movements through a position of gaze (in these experiments usually the primary position) was the same as the minimum head velocity at which suppression failed. Although these results do confirm suggestions that the pursuit reflex suppresses vestibulo-ocular reflex eye movements in the opposite direction (Benson and Barnes, 1978) , they give little indication of the anatomical pathways mediating VOR suppression in man. Single cell neurophysiological recordings and lesion experiments in animals indicate that the cerebellum, particularly the flocculus, is important for VOR suppression and pursuit (Takemori and Cohen, 1974; Ito et al., 1977; Lisberger and Fuchs, 1978) . Although several of our patients had clinically definite or pathologically verified lesions involving the cerebellum, the majority did not.
The results from patients with peripheral lab- 
